A correlation has been proposed for mean drop diameter in a Rotating Sieved Disc Contactor (RSDC) considering drops break up, as well as drops coalescence with static holdup in the case of no mass transfer. The proposed correlation is a function of a number of stages, rotating speed in the form of Reynolds number, static hold-up and mother drop size. The effects of the last two terms have not been considered by other researchers. Therefore, the results are compared with two reported correlations to show how these two important terms influence the size of drops. Distilled water was used as a continuous phase and toluene was applied as a dispersed phase in the experiments. The absolute average relative error and standard deviation for the correlation were 14.74% and 10.08%, respectively.
INTRODUCTION
The rotating disc contactor is a mechanically agitated column that was first invented by the Royal Dutch/Shell group (Reman & Olney, 1955) . In comparison with the other types of columns like packed and spray column, its preference is because of low power consumption, high flexibility in operation and easy maintenance (Kamath & Subba, 1985; Laddha & Degaleesan, 1976) . In fact, most of the countercurrent flow models were not applicable in the design of Rotating Sieved Disc Contactor in an industrial scale (Wang et al., 2002) . Krishnaiah et al. (1967) suggested that sieved discs were more suitable for systems of low interfacial tension. Further analysis shows how perforations on discs break the drops and disperse them in a RSDC. It seems that the RSDC has better mass transfer efficiency and controllability in comparison with the Rotating Disc Contractor (RDC) (Soltanali & ZiaieShirkolaee, 2007) . Determination of mean drop size has an important role on the design of liquid-liquid extraction columns. As the studies have revealed, many determining parameters are dependent upon the drop size including the capacity of the RDC (Laddha & Degaleesan, 1976) , velocity of the drop, interfacial area and mass transfer coefficient (Chang-Kakoti et al., 1985; Pratt & Stevens, 1992; Kumar & Hartland, 1996) . Kirou et al. (2004) have surveyed the effects of rotating speed on the mean drop diameter in a water-toluene system and showed that it has a great influence on the drop size and drop distribution. Besides the above mentioned parameters, it seems that number of stages (Kagan et al., 1964) and hold-up (Kadam et al., 2009) should be taken into consideration. Static hold-up can affect the droplet size, which is a key variable in liquid-liquid extraction affecting both
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Mean Drop Diameter in a Rotating Sieved Disc Contactor hydrodynamics and mass transfer rate. In fact, drops may have coalescence with static hold-up which result in drops with bigger sizes (Molavi et al., 2011) . As a matter of fact, the precise calculation of drop size distribution would help define a proper design and performance for the RDC. There are various devices for measuring the drop size in the extraction column. Two of these instruments are Laser particle analyzer (Ibrahim & Maloka, 2003; Al-Rahawi, 2007; Simmons et al., 2000) and photographic techniques with high speed camera which are applied by Cruz Pinto et al. (1983) . The second technique is used in this research work just to measure the drop size.
Drop Size Measurements
As mentioned in the previous section photographic techniques are more precise than the other techniques, so this technique was used for measuring drop diameter in the column. Drop diameters were recorded at different positions of the column (the space between two valves) and different rotational speeds for available chemical systems. From these photographs the reading of the diameter of the drops was commenced with the software Autocad2007. Using an optional reference on the picture like the shaft axis diameter, a simple proportional relationship between these two values would be produced and then the relative real size of the drops would be achieved. An amount of 613 drops were monitored for each position in order to increase the accuracy. A total amount of 60 drops were read in the experiment. Since the drops in the middle and top of the column were exposed to major changes in diameter, the data were analyzed from the second valve to the top. The drops were of elliptical shape. The area for the elliptical drops was calculated from the following equation (Laddha & Degaleesan, 1976) :
where A is the drop area, e is the drop inertia; dv and dH are the vertical and horizontal diameter of the drop, respectively. In order to find an equivalent drop area, a modified equation, was applied: 
The mean drop diameter was calculated from Equation (7) (Chakra borty et al., 2003) .
where ni is number of drops with a diameter of di in a certain experiment.
Holdup
There are three types of holdup. 1) Static holdup is the ratio of the volumes of the dispersed phase trapped under rotors and stators to the column's active volume consisting of the volume of the dispersed phase plus the continuous phase. 2) Dynamic holdup is the ratio of the volume of the dispersed phase that crosses the column active height and is gathered during the continuous phase of the column active volume. 3) Total holdup is the sum of static and dynamic holdups.
Since the static holdup is available throughout the column especially under stators, it has the most influence on the size of the crossing drops and this kind of holdup is used in this research for presenting the correlation.
Dispersed phase holdup can be expressed by volumetric fraction of two phases as follows (Treybal, 1963) :
In this research, the sauter means the drop diameter that is reported for one chemical system in a Rotating Sieved Disc Contactor. It is correlated as a function of the rotational speed, the number of stages, the dispersed phase hold-up and mother drop size. The results are discussed and compared with two available correlations proposed by other researchers in which none of them have considered the effects of holdup and mother drop size on the mean drop diameter. Sprough (1967) proposed the following correlation for d32 in the RDC: Kagan et al. (1964) correlated the mean drop size based on Reynolds and Froude numbers:
2. EXPERIMENTAL 2.1. Chemical System One chemical system, including the distilled water as the stagnant continuous phase and toluene as the dispersed phase, was used in this work. Table 1 shows the physical properties of the system. 
Device
A schematic diagram of the rotating sieved disc contactor is depicted in Figure 1 . The central rotating shaft equipped with sieved discs is arranged at an equal distance. The discs are located in the middle of each compartment which is defined as the space between two stators. The column, rotors and stators are made of glass and stainless steel, respectively. Tables 2 and 3 show the main dimensions and sampling positions of the RSDC which are used in this work, respectively. 
Methods
In the first step and in order to ensure no mass transfer between phases, distilled water saturated with toluene is used as a continuous phase and toluene saturated with distilled water is used as a dispersed phase. Then, after filling the entire column with the continuous phase, single droplets of the dispersed phase were fed to the column through a nozzle which was installed at the bottom of the column. Afterward, the motor was turned on to rotate the rotary discs and induce turbulence in the system. The experiment was repeated at 3 different rotating speeds, 1.25, 2.5, 3.75 rps, respectively. Droplet movement was monitored with photographs. At the end of each experiment the motor was turned off, the nozzle was closed and samples of the dispersed phase which had accumulated below the rotors and stators (holdup) were collected through the sampling valves.
RESULTS AND DISCUSSION
There are two phenomena which affect the size of drops: Breakage and Coalescence. Some factors such as rotating speed and number of stages cause the drops to break. Also there are two other parameters, namely mother drop size and holdup which could lead to the formation of the drops with bigger sizes and moderate the effects of breakage phenomena.
Proposed Correlation
In order to reach accurate correlations, the dimensionless ratio of the mean drop size to rotor diameter has been outlined as a function of the number of stages, rotating speed in the form of Reynolds number, liquid static hold-up and dimensionless ratio of mother drop diameter to compartment height using datafit9 software. 
The mother drop diameter is a drop exactly exiting from the nozzle. In Figure 2 Figure 3 depicts the mean drop size versus rotating speed at three different stages of the column for experimental and predicted data. As the figure shows in the constant stages the drops show a decreasing trend with an increase in the rotating speed. On the other hand, as the rotating speed increases, the probability of drops contact with obstacles like rotors and stators increases and then the size of drops decreases as a result of the breakage phenomena. The second factor that causes the drops to break is the number of stages which is defined as the number of rotors up to each valve. Figure 4 shows the mean drop diameter versus the number of stages at three constant rotating speeds and mother drop sizes for experimental and calculated values. Increase in the number of stages cause the drops to cross longer distances throughout the column and consequently the probability of their contact with obstacles and formation of the smaller drops increases as well.
The effect of rotating speed and number of stages on mean drop diameter

The effect of holdup and mother drop size on mean drop diameter
The presence of static holdup in the column means drops would coalesce with the trapped liquids under rotors and stators and make bigger drops. Figure 5 shows one drop in two cases: 1) a drop coalesces with the holdup gathered on the stator 2) after coalescing with holdup the creation of a separate drop occurs. The mother drop is the drop that is generated from the nozzle.
Due to its high velocity during exiting from the nozzle, its changes in diameter are almost negligible up to the second valve and the main changes in its diameter happen from the second valve on. A bigger mother drop diameter after coalescence with holdup would produce drops with bigger diameter. Figures 6 and 7 show the effects of holdup and mother drop diameter on mean drop diameter, respectively. In addition, the experimental and predicted data for mean drop diameter for three constant numbers of stages versus mother drop diameter, holdup and rotating speed have been shown at the end of the paper. The experimental drops are bigger in size than those predicted by the other correlations. None of the previous works has taken into account the effects of holdup and mother drop diameter on their correlations, so they are not in agreement with our experimental data. The relation between the mother drop, the mean drop size and the holdup is taken into account in our previous works (Molavi et al., 2011) . As it was stated before, the holdup and mother drop size would enhance the diameter of drops and moderate the effects of the breakage phenomena. Table 6 The effects of rotating speed on predicted and experimental mean drop diameter in the constant number of stages (n) 
CONCLUSION
The effects of mother drop diameter, liquid static hold-up, number of stages and rotating speed (in the form of Reynolds number) on mean drop diameter were studied experimentally in a rotating sieved disc contactor for one chemical system: Water-Toluene system. Toluene as dispersed phase and water as continuous phase was used in this research. Holdup and mother drop size enhanced the size of drops and caused the drops to coalesce with liquids gathered under rotors and stators in contrast to the number of stages and rotating speed which caused the drops to break due to contact with obstacles inside the column. According to the figures in the constant number of stages, the drops show a decreasing trend with an increase in the rotating speed. In addition, an increase in the number of stages causes the drops to cross longer distances throughout the column and the probability of their contact with obstacles and the formation of the smaller drops increases as well. Bigger mother drop diameter after coalescence with holdup would produce drops with a bigger diameter. As a result, one correlation has been proposed for the dimensionless form of the mean drop diameter and the effects of all the above factors have been taken into consideration in the form of dimensionless numbers. The results were discussed and compared with two correlations proposed by Sprough and Kagan which has the same condition with the present work. Since none of the researchers have considered the effects of static holdup and mother drop size in their correlations, the diagrams relevant to the experimental values are superior to the two predicted diagrams. It implies that static holdup and mother drop diameter moderate the effects of the breakage phenomena.
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